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(54) PHOSPHATE-BINDING POLYMER PREPARATIONS 

(57) Tablets which contain phosphate-binding poly- 
mers having an average particle size of 400 pxn or less, 
containing particles of 500 Jim or less in particle size at 
a ratio of at least 90 % and showing a moisture content 
of 1 to 14 % and crystalline cellulose and/or hydroxypro- 
pylceilulose with a low degree of substitution; and a 
process for producing the same. These tablets have a 
high active component content and an excellent ability 
to bind to phosphates and are quickly disintegrated in 
an acidic to neutral region while being little affected by 
stirring strength. Thus, they are excellent preparations 
capable of lessening changes in bioavailability depend- 
ing on pH value. 
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Description r.?>3?-i"\'". 

TECHNICAL. FIELD .. ; • c l . :. v S vk n: z sffrv* Invito-* s : . ' •: i:;-.'if.^3,v: !\-:r..- ■■ ^ 

.v -vr^'cq j'lir.. • .-. :■ v i - 'So J^scs •• .; : .,-.vo v..' ; i . .•■i.\:-'j!'c, :r : :~ . o? v:.'-' ! . ..: • 
[OW.Hi*VThis.i»jonrel^ 

line cehulose an^d/or. low substt^ed^ydroxypropyTcyrulbse! arcf showing' a rapid disintegration; disability and an- 
ability to bind to phosphate, and a process for producing the same. " 

BACKGROUND ART VI-.V. 1 - 3.->V -\Z • " . . i ZC " '■, 

[0002] Phosphate-binding polymers, which are non-absorptive polymers capable of adsorbing phosphate, are use-' 
ful as remedies Jbr hyperphosphatemia induced by renal hypofunction such as renal insufficiency. As described in for 
example, U.S. P,atert No. 5496^^^ 

comprising primary and secondary amines which are prepared by crosslintang^polyaliya^inW with the use of * 
crosslinkii^agent such-as epwhtorohydrinc,: = iu* .-; •:*.•.<■ • u-.:';-'-*. .? .1: r :>.e s .<.■ 

LTiJS 1 ZEST P !r*^ nd S 9 P ° lymer Prflparali0 ^ «*P«plS*^ for Wallet 

U.S. , patent No 5496545-po.nte-out,that tablets can:be produced by using Various additives including cryMilirie'ceftu: 
ose. However, the patent cried above presents no particular example of such preparation ^thbughWp^reSeht invert 
torsattempt^^n practice-taproduce-.tablets by-bie^infrWrious additives with me ph^oiphatelbirriirig-polyrrVer o&aMed 
by the method as described in the above patent, no tablet could be successfully produced meretyP a '- " i;: ' 5 ' n " ;: ' s 
[00Q4] ; Moreover kncywn.adsorberrts for oratadminisfratibhrfor-example. a caicium'polystWerii I suifonate'pfepara- 
tion (Kahmate* Vmanufectured,by Nikken • Chemicals Co^Ltd^ sodium ^6ly%tyfene' ^su^ p^paratidn (K^ 
alate^^nufac^ured by Toni ;& : Co.,.Ltdr); an:adsorbtive,carboh preparation (kfernezin™ rnanuMcSed by' KuS 
Chemical Industry Co.. Ltd.). a cholestyramine preparation (Questran™, manufactured by Bristol-Myers ; Safe Co ) 
and a preciprtated calcum carbonate preparation (manufactured by Emisu Yakuhin K.K.), are all in dosage forms of bulk 
powders, powder preparations or capsules containing powders. Namely. tha'rVhas^been reported 'fo^arnble of pre* ' 
arations of this type in the form of tablets so far. h«*«hi«f 




[0006] Patents w.th-,d.alysis : to whom the.phosphate-Jindiffg. polymers' are *. bV'aWmThistered' as remedied 5 
hyp^hpsphatemia are frequently under, restriction in water, intake is^erefore required to deve'l^'phdsphy-bind- 1 f 
ir^ p^lym^preparatioTO which can b 

J» ^^^.^«*»Hn partrculan^ted.tableTs-:*^^ rkftdfciiWl&in^ hlo^arrf* 
W^oSP'X-* R??. r ^'et ^ardnes%,and-tJuis:canhot;be proc iritfa a tewW rt***^ -ri;;^ : i^ « 




SSSff 0 " - y ^ e ^^g^"^oamethod with the :use-of Water b^tindersolufibW cofrtlninfe? r 
hols,^^ ^followed by,drying r) .. : ; J-<r »2 c :H. .v-.-ii.-o*; ^.nc'rjry- ;^c::.) >.e: 1 c'snt .?is c :vr : ,rrie- 

fl^-''^ to develop a production prcceis^ich cc^riseiblend^" 

inga^ow^rv.ph^ 

pressipg^e obtained mxtyre; Such ^preparation should be designee! by taking^ cd&^tiort^esVtM " 
disintegraton P^pertesand^ 

SrmoS " ^.^^^-^^ be paid to givea>-eparaL with ft nW^Sm " 



,A«houg»Vthe present inventors attemptedio produce phosphate-binding polymer preparations in theform of* r 
^*-m^:*«m&s^* U.S. Patent No. 5496545; they could^ot prbSuS any favorableSte : J 
wheh contain phosphate-b.nd.ng polymer having a sufficient hardness, a rapid disintegrative dispeiiibility^hd ariabllity ' 1 
to bind to phosphate. . . 0 . .. . », . , ; •„.;.-^ - = :n ; . -sl-'j.;":. &d y.v. Irs 5 -.>. ■ v. ". T-r 

DISCLbSU^E bJiHE. INVENTION -jZfnn' , Z -. L. '• • ■= ' *;i Ci.So s .{J I' U ".''itlf.-r' 'J.^ ~Z 

[000^^:6^;. these^mstances^the present inventors have conducted inferisTve studies' tb'^tfe'abovl- ; " 
mentioned problems. As a result, they have successfully found that a phosp^bindingjpol^^ ; 
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a large amount of the phosphate-binding polymer, has a sufficient hardness and shows rapid disintegrate disffSersibility * 
and an ability to bind to phosphate can be obtained by adding specific additives to a phosphate-binding polymer which 
has certain characteristics, thus completing preseht|nventiQn. MorepartiGularly £ speaking, they have fbund thbt<a"< 
tablet; which contains k j^os^ate^ihding pbiymec hg^rig an average particle sjzeotf.409 or;Jess,~prefeifcbly:250 
jim S^iesa^contaihirig partidfeS <Sf Sdb \Lni j^^.pr^et^Ofy^t^.^ or lessen size .at ^ ratio of;90% or moreland having 
a moisttre content of 1 h 14%.' t<^etfijer \^ hydroxypropylcellcilose, has - 

excellent characteristics. *» ' ' \ " ^-'o '\-j< \ * " • ±r ! " r "d ct • 

BRIEF. DESCRIPTION OF THE DRAWINGS - * - - OHU ^t^-I Ai 

[0010], ^ . . iCfe _ 3 ^ , v;;M c - r . !C n , , ■;.-«-, ..^ . .e- r^.::^ -*.C 

FJg. f provides a grapt*w.hiqb show^ ; a, relationship ^eJyveenttoejriQisture contentiofthe pho'sphate-bfhciing pofymer 
aridlhe tablet'ha^ ^ \ Q r-.J- j c - , * x ,wf»o o. ^. v.?-r.-.i r >•) :.' : 

Fig. 2 provides a graph whfch shows a relationship between the moisture content of the- phosphate-biftdinti polymer 
andthe disjntegcatipri tpe pjf^e^ableyp Example 2.-,j; r , - - ' *n ; -ic-? -;*■ "toe ■ =- ■ - " ;V 
Fig'. 4 3 provides a grapfi yvhich shows a re^Iatipnship between t_h§ moisture content of thefphosphatl-binding polyrrre^' 
ancfthe tablefhardn^ v. .>i-.r^x3 v/^tvtc -v- ei. ro?*.. - if "~ rs-'i." *-r:- .3v ' ' ': 

FigV4 provjd|s a grs^which" shows ^relationship bjetween tbe/noisturecontent of the ^ho^af^indirig 'polymer 
£fid "the l^i'inbgratto^time pf.ih^.tablet^n Example 3.j ^cs: r ^ c- "': >" " : ^ .-t - * o-i r 

Fig : 5 provides a g'r^ft y^ich shows th§ disintegration ^rpp^rtiesi^e^^a relationship betweerl the "strokes of the 
dfsintegration t^t^J.ar^ Ihe teb^ of«ithe ph^ph^te-binding'porymer pr4par^tibn in Exarnpie : 4. ir '^'f->. 

FTg/jB provides ^gr^jV phosphatfe-biridfng polymer pfeparatibi 



MODE FOR; CABRYlN^ Opl 



preparation ; 




and c^ntajnjng p^id^ oritess, p:size^t a«feto^£o%^ 

regulafing"tfie moisture content thereof to 1 to 14%. Among phosphate-binding polymers, a crosslinked polymer 0 J 
obtain^ b^.freating p epictijofohy^rifl^^ m^ r<x 

[0012f ^ r ;[t;i%n.o^ average particle Si^Qf .th^phosphate-binding pblymer exfegedS 46&]tW\fSnSe b 




surface is |aT^e to be^f^d^^When the moistuj-e coot^it thereqt exceeds 14%; ^>ri tRe other'harid,' a^sufffcie^ hard- 
ness cappf adiiWecj. injthis^cas<a, how^er.Jhe resMltaotitaWfttsiundergo plastic def6rmatiori;-whrctf rMkifsih^^Safcf-' ' 



equate as,4 me^isiggl preparation., Jo obtain tablets ^yith improved administration properties,'! fe v hfeciss&iV to ifnpart v * ' 
such su^c^ ^eng^ to^e tablets as Jo give a.hardne$s of 6 KP or^more (measured^with a tablet harciri^ks fester) and 
a weight loss of '1% or 'less in an friability test (100 revolutions). Moreover, the tablets should not-uhSergo pla^cdefqr- ; 




phate-i^nding^pdlyme^pe^.se fbsorte moisture Jn^ the. course of, grinding :to give a'm^sture cohleht of 1 to-14%; ftV 
phosph^^bindingpojymer may be used jri the tablejs otltie present invention as "such without re^ufating thrmbi^Ure 1 ' 
content' any more. ' - rcc "■* - : / 

[0013] r ..J(ie phosphate-binding polymer may;be? ground with an arbitrary apparatu's : withdut restrictfdii^solong asa lC . ; 
particle.fize of SOQ^m or less and the-average particle ^ize as defined above can be achieved thWeby. For example'/'.'* 
use may bj^ixiade di an.impact grinder.therefor... , - ^ : t .c^:vr - c * ; u^r*:/ 

[0014] The moisture content may be regulated by using a moisture-controlling agent, for exampW, a saturated ' 
aqueous solution of sodium chloride (25°C. relative humidity 75.3%), a saturated aqueous solution of calciurn chloride 
(25°C, relative humidity 84.3%), a saturated aqueous solution of magnesium nitrate (25*0/ relative- iiUmicfity 52.8%), *" 
etc. or allowing the polymer to spontaneously absorb the moisture in the atmosphere. It is also possible to prepare the 
phosphat^.bindipgLpc^ymerjn;such a manner $s .to .give a moisture contentwithihthe : rangebri r tb : 14% tb tffe^eliy pro-i" 
vide thf>plymer.wjth A .r: b ' ' r ■ ' - '■ * i^' ' 

[0015] Although the crystalline cellulose to be used in the present invention is not particularly restricted, use ma*' 
be made therefor of one showing a weight loss.of 7% or less after drying at 105°C for 3 hours. It is prete;abie to usi 



10 



40 



EP 0 997 148 A1 

marketed products, for example, Avicef™ PH101, PH102,'PH36l, PH3(f2, etc. (manufactured by Asahi Chemical Indus- 

try Co., Ltd.) either alone or as a mixture thereof. 5 _ . . r v. ■: 

[001 6J The low substituted hydroxypropylcellulose to be used in the present invention means one having a degree 
of substitution by hydroxypropoxyl group (*OC3H 6 OH) of 5.0 to 1 6.0% by weight. As a low substituted hydroxypropylcel- 
lulose. it is preferable to use marketed products such as LH-1 1 ■ LH&1 , LH-31 , etc. (manufactured by Shin-Etsu Chem- 
ical Co., Ltd.) either alone or as.amixture thereof." ~~ZZ7SJ^7- 777". :~ ."^"f 1 
[0017] The amounts of the crystalline "cellulose and/or the Ibw 'sub^)ttrte$i 'liycfrastyprop/lcellulose'to bejused in the 
phosphate-binding polymerjajbjet according to the present J wert^ by taking the dose 

of the phosphate-binding polymer as an oral preparation and the administration -"properties of the preparation into con- 
sideration. In a preferable 'embodiment;^ 

cellulose are used in an amount of 1 0% by weight or morerpreferabiy 30% by weight !or more, based on the phosphate- 
binding polymer which has an average particle size of 250 jirri or less, contains- particles of 300 ^morjess in size at a 
ratio of 90% or more anid'hasaTnoisture cohfenTof low substi- 

tuted hydroxypropylcellulose are added, it is preferable that the sum of the contents of these components is 10% by 
15 weight or more, preferably 30% by weight or more. From the viewpoint of the administration properties, etc. of the prep- 
aration, the upper limit of the content of the crystalline cellulose and/or the low substituted hydroxypropylcellulose is 
from 50 to 200% by weight \ * * \ n \ ^ j ~ r * 1 

[0018] Since the phosphate-binding polymer and th& crystalline' cellulose or the! low substituted hydroxypropylcel- 
lulose have highly frictional natures, it is recommend edltoiuse a hydrogenated:oH.in trie step of the continuous tabletting 
20 so as to relieve the load due to the rubbing between the Wend jand^th.e punch of a tabletting machine.. As Jhe hydrogen- 
ated oil, use may be made of a marketed product sucrfas Lubriwax™ manufactured by Freund Industrial' Co., Ltd.. 
[001 9] The phosphate-binding polymer tablet according to the present invention; can be produced : by lending the 
phosphate-binding polymer with the crystalline cellulose and/or low substituted hydroxypropylcellulose together with fill- 
ers (lactose, sucrose, rhannitoLetc.), Iubricants.(magn^iumistear^ con- 
25 ventionally employed in the art, perfumes, coloring agents, etc. followed by tabletting. 

[0020] ., ^ The phosphate-binding polymer tablet according Jo the present invention rnay.be^further processed into a r „ 
film-cokted : tablet by coating l^e lurfec^ the 

bases such as hydroxypfopylmethylceliul^^ acrylic copolymers* tt is paxticu^ 

methylcellulose therefor. . . lc(> _ ... 

30 [0021] To further illustrate the present invention in greater detail, the following Examples and Referential Example 

will be given. However! it is tp be understood that the present invention is not restricted thereto. - 

5$\~z zzn sic-*:^-- ef*r ,\ (ySh'Jst^c ™rr\\oq 2r.iy.\.^r.s-\'ZO:.i lv v: ; ■c--;;a.c..-n *r , 

Referential Exarnple ■ , * . 

35 [0022] u ' ^Epichloroh^ pdymeriza^pn was„^. t 

cam ed : qut1o r gf£^ poi^er^ere^ r^ary iarriine t8^i .2% by mol)„Ind me secondary . I 

amine (1 18.1 %"by%ol) fermidl^^r^hte of ja6S^40^ ^e^bTOirfed polymer iiy^iWum^n^^b. gfe/e ; 

a dry powder. This dry powder of the pliosp^ FHtz Mil] (Model M5A manufac> c '^ ] 

tured by Fitz^trick) J and SiUs"a rHois^feq^im (rr^^re,ranter|t: 'S.B^iratio of garti^"^^ 

clesof 300 urn or less in siz^:.99.7%) was oBtaned.". " " ^"'^ "* " 5 ^ " ^ J -V ' ~~]" < '~ 7 

Example 1 c , 4 . 4 . . *. . . . 



[0023] To 150 mg of the moisture-containing phosphate-binding polymer obtained in the above Referential Exam 1 "~" 
45 pie, either crystalline cellulose (Avicel™ PH101 manufactured by Asahi Chemical Industry Co., Ltd.) or low substituted 
hydroxypropylcellulose (L-HPC LH31 manufactured by Shin-Etsu Chemical Co., Ltd.) was added in an amount of 150 
mg, i.e.,„100% by .weight based ontheweight of-the phosphate-binding polymer.-Theobtained mixture was compressed — 
under a static pressure (500 kg; 1^066 kg or '1500 kg) to give a tablet (diameter/lO mm) weighing '300 mg. For compar- 
ison, 150 mg of the moisture-containing phosphate-binding polymer : was : bl ended M 50 mg of one additive selected from 
so among -lactose (200M DMV), rriannitol (manufactured by Kyowa Hakko Kogyo Co.,^ Ltd.), methylcellulose (Metolose™ 
SM-15 irahu^fijred *by"SRih-EtsuXfiemicanSd.i' Lfd.)", talc (manuSctur^¥y~l^hara K^^ 

(HPC-L manufactured by Nippon Soda Co., Ltd.) ; hydroxypropylmethyicellulose 291^0 (HPMG-TG-5-RW- manufactured- 
by Shin-Etsu Chemical Co., Ltd.) carmellose calcium (EOG-505™ manufactured by Gotoi^'Yakuhiri). the obtained rhix- 
ture was compressed under a static pressure (500 kg, 1 ,000 kg or 1 500 kg) to give a tablet (diameter 10;mm) weighing 
55 300 mgb- Further; 300 mg of-the moisture-cpntaining-phe^hate^ 

sure to !give a control tablet. ' ~ ' j -.^ j ■ ■ » m 

[0024] : The hardness of each tablet thus obtained was measured with a hardness tester (Pharrhat est)':. Also, tablets; - 
showing ahardness of & KP or more at a compression pressure' of 1 ,000 kg weretestecfby usirrga; disiffiegfafioTn^ter" 
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(manufactured by Toyama Sangyo) with the use of water as a test fluid. Table°f rtS&es tofe~r£sdfej ( 1 ' ' J _ ' " ' *° 
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25 [0025] ^ Jab^ ^ ; , 

minutes cbulci W <Sb^?n^ fusing crystalline ceirufb^e or substitS V 1 V S~ ^ w ' . " " 



Example 2 



1C ^"3 r" 



1 

. ~ Hi 



ample ^ . - 

30 [0026] The moisture-conlSining pno^hafe-Binding poller (feVainbd tn J frie a&ve^ftefereniiai' Example was* cfneSi 

at 105°C for 16 hours to give a dry phosphate-binding polymer powder (moisture content: less than 0.1^) A jrt^ desic- , , , , r 



cator. this dry powder was allowed to absorb moisture with the use of a saturated aqueous solution of sdciiCim**cHloride' 




35 of cry&llli^ tn^phps^ com-" 

pressed pnder a ^tatic pressure of 1 ,000 kg to give a \aSSte\ Xdiamet^; 1 6 m ^ 1 J J' ' ^ .^J'j, 

[0028]^ For^ciq^^l^pg; 306 mg of each" these ph^ ^ " 

pressed uhdef'a"static ^essure^Sf i t tmkg to give a fattW (diameter" iO^mm) weighing 300 eng. : \ / M - ) l _ i"\ 
[0029] The hardness of each tablet thus obtained was measured with a hardness tester Fig. 1 shows tfie results. J ~ 

40 Moreover, tablets showing hardness of about 6 KP were each subjected to a friability test by revolving 100 times with - 

the use of a friability tester (25 rpm, 4 minutes) and then the weight loss was determined. Table 2 summarizes the 
results. ... . - . . , ■ , ^ . ~r .> - 



".OS 



Tabl e 2 " 



. y t Tablet comppsr^on. (f ^ , 


■ Moisture Gontentjin 5 v 
phosphate-binding pply- : 
oO - ; .;; m . er - ' 


; .Ja^et^hardneis fKP)_ 


p*- : ^ — i— * : 1 

_ Friability (wtJoss:%) 


phbsphate-bihefinig polymer 300 mg 


' ;i ; 6.1% : " 


8.0 " " - 


3.6 " 1 — ; 


phpspfiate-binding polymer 200 mg 
crystalline c£Hutos6 1 00?mg ' ^ : 


^ . : _ ,/ 1.1% .0 


t 7.9 


: -0.7 , , , 


phdsphate-bmQing polymer mg " 
crystalline cellulose J 00 mg --s if? 


<d.i% 


5/6 


^ ; 1. 6 : _ : , , 



[0030] As Figs. 1 and 2, and Table 2 show, the tablet produced by comprising the pt tosphate-binding polymer alone 
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could not achieve sufficient hardness (6 KP or more) at ; a moisture content of 5% or less. Although the tablet with a 
moisture content of 6.1% showed a hardness of 8 KP, the friability exceeded the allowable level (weight loss: 1 % or less} 
specified ifrUhitetf States PharmSco'pbeial that is to~satf it hirfia'poor'sur&ce strength. In the tablefe'prpduced lay com- ^ 
pressing the phosphate-binding polymer containing 9% or more moisture alone, the disintegration time was^prSlongdd * 

5 with an increase in the tablet hardness. The tablets with moisture content of 16% or more suffered from plastic defor- 
mation, thus showing inadequate tablet properties. When the phosphate-binding polymer was biended- wrth crystifihe ' 
cellulose, in contrast thereto, a sufficient hardness and tablet surface strength were observed and rapid disintegration 
(disintegrationi.time:-about l^minute) was achievedwithin a. moisture cbntent range of .1 foI14%. d £ ~ c ! x • - ' fi- - -< 
; ' « '-'t..v .i ; br i, ~. -^z'~\ c; r;n:c ^'j 1 — ^'.v.v:. i n ,c.*s .f,\-r i» 

10 Example^,- " ^ :-.r ^ -\o Oi ^roc:^ v-.srfc \t ^ r • :r.e ^.rr : r cic;i 

.3*J;-.y Hq ens gr c!:o. M ' ^-icr^s : rr v ^ :..^s!i:;^xv; .;. 

[0031] The moisture-containing phosphate-binding polymer obtained in the above Referential Example was sieved 

by using a sonic shifter (manufactured by Seishin Kigyo) through 60 mesh (250 ftm), 80 mesh (180 p.m), 150 mesh (106 5 r ^ 

p,m) and 270 mesh (53 urn) sieves to give a phosphate-binding polymer of 250 jim or more in average particle size, one 

is of from -180 to 250 prmln average-article* size*' one of from ld61cPT80'pih fn 'average* Article size\ one^f from 53 to A ■ ' 
106 p.m in average particle size 'and one of 53 : |Tm^r les$'iri average particle^ize. 5 —-r- \ - ' ' ; G :c t i: ? : ' 

[0032] To 200 mg of each of these phosphate-binding pfefymers. differing "in average partible^siz^, iod'm^ofcrys- ; 
talline cellulose (50% by weight based on the weight of the phosphate-binding polymer) was added and the obtained 
mixture was' compressed under a static^pre&ureof-'fW 10 mm) weighlrig : 300 mg?' -p 1 ^ 

20 [0033] For comparison, 300 mg of each of thephosphate-tihding polymers differing rh'^eragi'pah^de^zW'was''- 3 
compressed alone under a static pressure of 1 ,000 kg to give a tablet (diameter: 1 0 mm) weighing 300 mg. 
[0034] . Fkj. 3 shows the results'-of-the-mea^rehier^df-^ h~ardhess of each tablePthusbtitajriW with a^h^rdness ^ 
tester, while Fig. 4 shows the resuffe of the determination' (^thedisint'egraHidrt'time ( thereof f (te^t Mid:- water). i: ' • ' - : < ' c > 
[0035] As Figs. 3 and 4 show, none of the tablets produced by compressing the phosphate-binding pojymers alone 

25 could:achieve a sufficient hardness (6 KP or morep VvTten crystalline celluldse was ajddedlid the phc^hate-tilnding pol- 
ymers, in contrast thereto, the hardness was etevated with a&ecrease in the average'partiele size:*A ; suttident hardness^' ' 
and rapid disintegration were established at an average particle size of 250 pm or less. 



30 



Example 4 



,a -v: 



[0036] 200 g of the moisture-containing phos^afe^r^ihg|& Example was 

blended with 97.6 g of crystalline cellulose and 2.4 g of magnesium stearate (manufactured by Nitto Kasei) employed 
as a lubricant The obtained mixture was compressed by^using a rotary tabletting machine (Model HT-P18A manufac- 
tured by Hata Iron Worker) under a pressure of 2,000 kg to^jive tablets (uncoated) of 9.5 mm in diameter each weighing 

35 300 mg and containing 200 mg of the phosphate-binding polyme[. 

[0037] When measured with a hardness tester (a contested, ttiese tablets showed a tablet hardness of 7.7 KP. 
' [0038] Further, the uncoated tablet containing 200img of the phosphate-binding polymer was coated with a film 
comprising 8.25 mg of hydroxypropylmethylcellulose 291 0 (HPMG-j C-5-MW-manufactured by Shin-Etsu Chemical Co., 
Ltd.), 1 .26 mg of polyethylene glycol 6000 (manufactured by Nipj^on Oil and Fats Co., Ltd.), 1 .8 mg of titanium oxide (A- 

40 100 manufactured by Ishihara Sangyo Co., Ltd.) and 0.69 mg of talc by using a coating machine (Dria Coater Model 
DRC-500 manufactured by Powrex Corporation) to give a film-coated tablet preparation. 

[0039Jt .-^The fflm-coated tablets>thus obtained' -weYe tested by using a "disintegration tester at 5 to '30 stfdkes'per 
minute' with, the .use of two v test'fluids-(pH:1.2:cbffictal liquid it; specif ied in "Jiapahese Pharmacopoeia* water). Fig. 5 
shows the results. ;qi;o:s ,\r.-r ; ..r\v *'■ s - 

45 [0040] As Fig. 5 shows, the phosphate-binding polymer preparation containing crystalline cellulose was rapidly'dis- 
integrated within the acidic to neutral region while iscarcely 1 affected' by the stirring r^rengtte(stroke). - y. r: * 

V 

Examples 

so [0041] To evaluate the drug effects, 5 uncoated tablets and 5 film-coated'tablets, each containing 200 mg of the 
phosphate-binding polymer, prepared in Example 4 were examined it\the ability to bind to phosphate in 200 ml of a test 
fluid which had been prepared by dissolving 4.7 g of sodium chloride, '21.3 g of N,N-bis(2-hdyroxyethyl)-2-ami- 
noethanesulfonic acid and 0.544 g of potassium dihydrogenphosphale in water, regulating the pH value to 7 and heat- 
ing to 37°C, while rotating puddles at 1 00 rpm. The ability to bind to phosphate was evaluated by monitoring the residual 

55 phosphate concentration in the test fluid with the passage of time throughout the process of the disintegration of the 
tablets, dispersion of the phosphate-binding polymer and adsorption of phosphate. The initial phosphate concentration 
in thertesfeltuidand the one at the* completion of the:adsorptron:aresreferred<tt^ 6 : sh'ow£1he 
results, vl-'r:-'- a.^'^r : -; - : ; ..c "i z - : v. . ,?. -.or - - "<x :■- b\: " r, ^m^: 
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3 -;:v/ ' rVw^A .3^ ,; > - \- % EP : fl 997,148 At ' s , 0 .~. - 0 V ^ ^- ; sc. ^*ras :•: • 

[0042] -.„ O0 $s gig. 6 v sljc^, 1 *e phpsph^eTbif^ijig ; polyme containing cr^stalline-celluioserwere at?le .te> ; ^ f .r 

^^^^fep^^no- ^ ^0 " : ' V ^ "., rcn <^p<. r7 '.c-.-n oh:-- .:> s - ^qT^ "en: ciri • 3 
-jcr 0 * '.3 3 ** 'O'*; :«/'i5:'jv w-: "v- c . *sr ■> s"':iv-/ ; r;.\7 .5c3iibic; .-rJc.:* ^wl ii /.z^:?^-: r!;; v 

INDU^TPIAL ApPUCABJUTY , v ^ 0 ,, -A" ^: r^iv: .g?. :,c ^ : 3 ;~s* .e*^ -r-sn: cn, - eu; .. ,r?/i 

[0043] the phosphate-bio^ngpolyrnertablet.accwding to the present invention contains .the^ctiA^compohent-at.i . ir ^ 
a high ratio, has excellent ability to bind to phosphate and undergoes rapid disintegration within an acidic to neutral 
region while scarcely affected by the stirring strength. Accordingly, it is an excellent preparation capable of regi^ating 
changes in bioavailability due to the gastrointestinal motions and pH value. 

Claims . r ? ^ - . v f ; ~ fT , e'i ,;rw C#\; r^r- ;? ri^,o»f* <<vv:*>' ri. ; ^ . v.s^s^ri/.frf -y\' m z jirc. • ^ <d 

1- A.tablet containing a'phosphateHbindipg^poTyme or less^contains— (£ - 

partides of 500 ^m or less in size ai a ra^^^ tct 14%,jogether with r 



2. The tablet .acclaimed in claim* 1 , yvher r ein ^ said phosphateHD^idttrtg ppiymer^hasqan average particle si^q ofi250 
orJes^_and cojptains particles ct : 3QQ ^m ; or lessrin size at a ratjo^f 90% or more. : ; - y! c ■ * 

.^r\ : : f' l -'';' v^ f 0* :'c \. ir s ^vig :,• ox 0 r *■.■ * . "3 ;j-r ; ^.^ c* . c< 

3. The tablet as claimed in^aim.V op 2, 0 wherein the content of iCFystaHine cellulose and/or low sybstituted hydroxypro* . 
pylcellulose is 1 0% by ;5 weight or ^nore ; based ^orv tne wetghttOt' saiQ^pnospnate'bindinQ polyrnerr ^ *-. -'*"* v * * • 

4. The t^lgt^.d^fm^Jn claim -1y ^or;3 t wherein said^ltw^substituted: hydroxypropyicelkUose^has ; a degreet^t;, 

. h^droxyprpppxyj^ubstit^ign jof .from;, 5.0 to 1 6.0% by weight rii : v; fsv^>v ^ c 3^ ■ . . is- . , . - . s^v jz iinr~ n: ,2v . - 

5. The tablet as claimed in any of claims 1 to 4, wherein said phosphate-binding polymer is a polymer disclosed in 
U.S. Patent No. 5496545. namely - > r , - 



^■r^ r onc^id •.v'cHo ^nr ':■ r, - COS ^;-i;-;L^ i ~r > oc\e C -0 
r -ii: c dti>^ *:.»;sx -ri-v ^n^.r-; crib.. -^/ X- -:?c i-A -!j i: r^RbCSi - c e<t ^d;..;^ ^C^j 

oca copolymer thereof^ wherein-|iris an integer and; each:B, .-independently, is H op a iower-alkyl (e.g., havinfigte 
- between 1 v and 5 carboy ^ atoms, Jnefusiveji al^^amino (e.g., having. between ; 1?and^5CTrbon atoms, inclusive);. . :^- 

or aryf (e.g.. phenyl) group; ,::_ ^ : . ; ^ . vr - ■* •* 

•■ P r :l:c.. i.'z*- ::rc - ;r- iEr\k. r-?"i !r v ^ ^ ^ 

(bj a polymer characterized by- a repeating unjtihaving^e'fprimula -ahc 5 • >oor ■;: *, r^.^ 




or a cppolymerthereofr wherein.n is an: integer- and- each ■ R, independently, is M or a lower alkyt(e;g*; having: 
between 1 and 5 carbon atoms, inclusive), alkylamino (e.g., having between 1 and 5 carbon atoms, inclusive), v.. v. 
or aryl (e.g., phenyl) group, and each X* is an exchangeable negatively charged counterion selected from the 
group consisting of organic ions, inorganic ions or combinations thereof ; 



f 
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ta ar-r vi?. . 33 



or 



(c) a copolymer according to (b) which is characterized by a first repeating unit having the formula 



N + — R 



75 



20 



25 



30 



wherein n .is an, integer, .each R, independently, i&H or .a lower, al£yj. (e.g., ha^ng.b^een. 1 anjJ n 5 carton 
atoms inclusive); aikylamino(e.g * having between 1 aniicar^ (^g^Rhe- 
nyl), and each X* is an exchangeable negatively charged counterion seized from the group consisfing^of 
organic ions, inorganic ions or combinations thereof, and a second repeating unit having the formula _ o 




.3 ^ 



wherein each n, independently, is an integer ana each R, independently, is H or a lower alky! (e.g.. having 
between 1 and Scarbop atoms, .inclusive), alkylarrjno (e.g., having between. 1 and 5 carton aton^, inclusive), 

(d)'a poiymer cKafa^ repeating^u^ ' ; 'IV " ... ■ 'f^ X -7 t \ ' ' V-* 



35 



40 



45 



50 



\ ;1 



i / 



or a copolymer thereof, wherein n is an integer ancj R;is!H aqa lower alkyt group (e.g. ( having between 1 and 
5 carbon atoms, inclusive), alkyiamino (e.g., having between^ and 5 carbon atoms, inclusive), or aryl group 
(e.g., phenyl); 

.or:. v . ..„ ,. _ _ , f , ...... „..;„,.■ - ... ... „ 4> r 

(efaOT^oiymer a^ ; 




55 



wherein n is an integer, and R is H or a lower alkyl (e.g.,' having between 1 and 5 carbon atoms, inclusive), 
alkyiamino (e.g., having between 1 and 5 carbdn atoms, jncludive), or aryl group (e.g.. phenyl), and a second 
repeating unit having thelormula * * 



: 1 1. 1 
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wherein 'eachi nTirid^r^erftly, is\ah jnfteger,' dnd. R is H or alower alf^l (e.g., havihg between 1 and 5 carbon 
"atoms/ inciusive), alk^dnrfino (ag.^hSving betiireerH and 5"dSirbon atoms. 'in^usive)rbr airylgroup (e.g., j5he- 

or ~ ' : 

(f) a polymer characterized by a repeating unit having the formula 




"or a copolymer thereof wherein i n is 'an integer, ahd each' or R 2 , indepehder&y, is H , orVjowej aikyf {feTg., 
having between 1 and 5 carbon atoms, inclusive), alkylamino (e.g., having between i and 5 carbon Mtdrfis, 
inclusive), or aryl group (e.g., phenyl), and : ^a.ch.X:i? : ^^^f^P^^^^^^^YS^^^^y^^^^^^ 
from the group consisting of organic ions^ inorganic io'Hs or combinations thereof;" * 



or 



(g) a polymer characterized by a repeating unit having frie formula 



'"sir " r;3 3 *-Vjc orr/£- \ 




or a copolymer jtheceqf. wherein.rx.is.an integer, each.Bi or B2. iocjependerrty,. is.H ( „ an al^.grpup. containing 
1 to 20 carbon atoms, an alkylamino group"(e.g., having between l' and 5 carbon' atoms; inclusive)', or an aryl 
group containing 1 to 12 atoms (e.g., phenyl); 

or , „ 

(h) a polymer characterized by a repeating unit havihg the formula 

• - 7 . 




or a copolymer thereof, wherein n is an integer and each R 1t R 2 and R 3 , independently, is H, an alkyl group 
containing 1 to 20 carbon atoms, an alkylamino group (e.g. ( having between 1 and 5 carbon atoms, inclusive) 
or an aryl group containing 1 to 12 atoms (e.g., phenyl), and each X" is an exchangeable negatively charged 
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counterion selected from the group consisting of organic ions, inorganic ions or combinations thereof. 

6. The tablet as claimed in any of claims 1 to 5. wherein said phosphate-binding polymer is a polymer obtained by 
treating polyallylamine with epichlorohydrin so as to crosslink the same. 

7. The tablet as claimed in any of claims 1 to 6, which further contains a hydr'ogenated oil. 

8. The tablet as claimed in any of claims 1 to 7. which is further surface-coated with a water-soluble film base. 

9 ' A J^ TC u e !! for P"*" 0 '" 9 Phosphate-binding polymer tablet which comprises grinding polyallylamine or a phos- 
phate-tar^ polymer obtained by crosslinking the same so as to give a ground material having an average parti- 
cle stze of 400 ,im or less and containing particles of 500 pin or less in size at a ratio of 90% or more, regulating 
f!fJ^'!^ re ? theretrft0 1 ,0 14% - binding the ground, material with crystalline- cellulose and/or low substi- 
tuted hydrpxypropylcellulose. and then tabletting the resultant, mixture. 

1 0. The process as claimed in claim 9. wherein said phosphate-binding polymer is ground so as to give ground material 
having an average particle size of 250 ,im or less and containing particles of 300 |uri or less in size at a ratio of 90% 
or more. 

11. Use of a phosphate-bWng polyrnW.-whicri-has an average i particle size o&00 ,1m or leU contains particles of 
500 m or less in size at a ratio of 90 % or more and has a moisture content of ? to 14.%*bgetWwith crystalline 
cellulose and/or low substituted hydroxypropylcellulose for the preparation of a tablet for the treatment of hyper- 

pnosphatemia. - * « , Jr 




Moisture content (%) of phosphate-binding polymer 




300 mg of phosphate-binding polymer 

200 mg of phosphate-binding polymer + 100 mg of crystalline cellulose 
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Fig. 2 



Relationship between moisture content of phosphate-binding polymer 
and disintegration time 
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Moisture content (%) of phosphate-binding polymer 



300 mg of phosphate-binding polymer 

200 mg of phosphate-binding polymer + 100 mg of crystalline cellulose 
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.4 



Fig. 3. 



Relationship between average particle size of phosphate-binding polymer 
and tablet hardness 

20-i ■■ ~~ — — ' 1 




o J 1 -i 1 1 1 1 

250 or more 180—250 106—180 53—106 53 or less 
Average particle size ( u m) 



O — 300 mg of phosphate-binding polymer 

■Cx. — 200 mg of phosphate-binding polymer + 100 mg of crystalline cellulose 
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Fig. 4 



Relationship between average particle Size of phosphate-binding polymer 
and disintegration time 

2.5- 




t 1 1 r 

250 or more 180—250 106—180 53—106 53 or less 



Average particle size ( p. m) 



300 mg of phosphate-binding polymer 

200 mg of phosphate-binding polymer + 100 mg of crystalline cellulose 
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Fig. 5 



Disintegration properties of phosphate-binding polymer preparation 
Relationship between frequency of stroke and disintegration time 
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